Abstract -This study analyzes the degree of morphological differentiation among populations of the common toad Bufo bufo in the central part of the Balkan Peninsula. Variations in a number of morphometric and qualitative characters in 14 population samples were analyzed using univariate and multivariate statistics. We found a high degree of female-biased sexual size dimorphism. Morphological variation among the samples was more expressed in morphometric than in qualitative characters. The significant size differences that exist between northern and southern population groups could be the result of phenotypic plasticity. Our results do not support a clear split between northern and southern populations, contrary to the current taxonomic treatment of these groups as B. b. bufo and B. b. spinosus, respectively.
INTRODUCTION
The common toad, Bufo bufo (Linnaeus, 1758) is a widely distributed species inhabiting almost all of Europe, northern Africa and western Asia (Borkin and Veith, 1997) . According to literature data, three subspecies are recognized (Lüscher et al., 2001; Geniez and Cheylan, 2005) . The nominotypical subspecies (B. b. bufo) inhabits the largest part of the species range including the British Isles, northern and central Europe and western Siberia. B. b. spinosus occurs in northern Africa, western and central France and the Mediterranean parts of Europe, while B. b. gredosicola occupies a limited range in central Spain.
The common toad has been the object of numerous studies (Gittins et al., 1982; Hemelaar, 1983 Hemelaar, , 1988 Reading, 1988 Reading, , 1991 Hoglund and Saterberg, 1989; Reading et al., 1991; Scribner et al., 2001; Brede and Beebee, 2006; Kutrup et al., 2006) . However, data from the southern part of the range on the Balkan Peninsula were mainly limited to demographic parameters (Cvetković et al., 2003 (Cvetković et al., , 2005 Tomašević et al., , 2008 .
To date, it was believed that the central part of the Balkan Peninsula (Serbia and Montenegro) was inhabited by two subspecies: B. b. bufo in the continental part and B. b. spinosus in the Mediterranean part. B. b. spinosus is traditionally determined by its greater body size and higher degree of development of the integumentary warts. However, there was an assumption that the subspecies B. b. spinosus is poorly defined and that it should be synonymized with the nominal subspecies (Lanza, 1993) . Although recent molecular data rejected the monophyly of B. b. bufo and B. b. spinosus (Garcia-Porta et al., 2012) , comparative morphological analyses of populations from the Mediterranean and inland regions of the Central Balkans have not been carried out.
Hence, the basic aim of this study is to establish the degree of morphological differences in population groups of the common toad that inhabit the central part of the Balkan Peninsula. For this purpose, we analyzed numerous quantitative and qualitative traits. Based on characterization of pattern of morphological variation, we tried to determine a possible intraspecific geographical pattern of differentiation in order to shed more light on the geographic variation of this species.
MATERIALS AND METHODS

Samples
Morphological analysis included a total of 353 individuals belonging to 14 populations of B. bufo, out of which four samples belonged to a northern population group (Nos. 11-14, see Fig. 1 ) located in Serbia, while 10 samples belonged to a southern population group (Nos. 1-10) located in Montenegro.
Most of the material was collected in the mating period and preserved in 70% ethanol. Samples from Serbia were from the herpetological collection of the Institute for Biological Research, Belgrade. The specimens from other localities belong to the herpetological collection of Natural History Museum of Montenegro in Podgorica.
Studied characters
Morphometric analysis was performed on 8 traits which determine the size and form of the body and head of tailless amphibians. Measured traits were: Llength of the body from the top of head to the opening of the cloaca; Lpa -length of the front extremity; F -length of femur measured from the opening of cloaca to the knee joint; T -length of tibiofibula from the knee joint to tibiotarsal joint; P -distance from tibiotarsal joint to the tip of the longest finger; n -length of metatarsus from the internal metatarsal ridgelet to the tip of the longest finger; Lc -head length from the top of the head to jaw joint; Ltchead width measured between the jaw joints. Statistical analysis of morphometric characters included only mature individuals. Reproductively mature males and females were identified on the dissection and gonads survey basis.
We also examined three qualitative traits with three conditions on four body regions (dorsal and ventral side of the head, dorsal side of the body and abdomen). Qualitative traits were: Warts shape -WS (a -round warts, b -oval warts, c -kidney-like warts); Warts convexity -WC (a -very protuberant warts, b -protuberant warts, c -drawn in warts); Prominence of thorn-like wart endings -PE (a -very marked thorn-like ends of warts, b -medium marked thornlike ends of warts; c -weakly marked thorn-like ends of warts)
Statistical analyses
Descriptive statistics (mean, standard error and minimal and maximal values) were calculated for non-transformed morphometric characters. The differences between population groups (northern and southern) for non-transformed morphometric characters were determined by Tukey HSD test for the samples of unequal size.
As size can confound comparisons of variance patterns (i.e., traits with greater means typically have greater variances (Cheverud 1989) ), the morphometric data was size-corrected (transformed) by computing standardized residuals from least-squares regressions (on body length). This adjustment removed isometric size but not size-related (allometric) shape. In order to estimate the extent of differences on different levels, between groups (northern and southern), among populations, and between sexes, variance was partitioned for transformed data by a variance component test with nested design. Since the sample sizes were not equal, Satterthwaite's approximation was used to test for significance. A more detailed analysis of sexual dimorphism was performed by ANOVA using non-transformed and transformed data (corrected for size). In order to re-duce the dimensionality for multivariate data sets and graphically present differences between populations, Canonical Discriminant Analysis (CDA) was used on transformed data. The frequencies of qualitative traits were calculated (%), and the significance of differences between relative frequencies of two groups of toads was analyzed by difference between two proportion tests. All statistical analyses were performed using the computer package Statistica® (STATISTICA for Windows. StatSoft, Inc., Tulsa, OK), considering a significance level of alpha = 0.05.
RESULTS
Morphometric characters
Descriptive statistics of non-transformed morphometric characters of sexually mature males and females for the northern and southern population groups are presented in Tables 1 and 2 . Values for each population were omitted to make the data more comprehensive. The Tukey HSD test showed significant differences in all studied characters (except Wg in males) between the southern and northern group. It was found that the specimens from the southern group had larger values of all characters, both for males and females (Tables 1 and 2 ).
The variance partitioning procedure revealed that between group (northern and southern), among population, and between sex variations in transformed morphometric characteristics was significant for most of the traits but minimal, except for the femur where the variation between the sexes was significant and high (Table 3) . A great deal of variation existed within populations (see error values in Table 3 ).
ANOVA on non-transformed data revealed a pronounced sexual dimorphism, where the females had higher average values of the analyzed traits (P<0.05 for all traits) in all samples. However, when the size effect was excluded, most of the sexual differences disappeared (ANOVA on transformed data, full versions of the tables are available from the first author upon request). The characteristics that showed sexual dimorphism after removing the size effect were Vršački breg (Lpa, P, n, F), Bela Crkva (Lpa, Lc, F), Velje Brdo (Lpa, F), Rijeka Crnojevića (Lpa, n, F), Biogradsko jezero (T, F), Kuči (T, P, n, F).
The first three canonical variate axes (CAN1 -3), calculated from CDA on transformed data, accounted for about 85% and 89% of the total variance for males and females, respectively (Table 4) . The values of standardized coefficients of canonical variables showed that the discrimination in males and for the first axis was significantly contributed by the differences femur length (F). Moving from the left to the right side along the first canonical axis for males, and in the opposite direction for females, populations with individuals with small femurs were being re- placed with individuals with larger femurs (northern populations are replaced by southern populations). At the second axis, discrimination was contributed by the length of metatarsus (N) for males, and the head width (Ltc) for females. At the third axis, discrimination was contributed by the head width (Ltc) for males, and the head length (Lc) for females (Table  4 , Figs. 2 and 3) .
Qualitative characters
By comparing relative frequency of states of qualitative characteristics, it was observed that the same states had the highest frequency in both sexes from the northern populations. The exception was convexity of warts on the dorsal part of the head (most of the males of the northern group had convex warts, while most of the females of the same group had very convex warts). Among the males and females of the southern group there was a much bigger difference in the occurrence of some states. In general, the highest number of specimens of both sexes had round warts on all body regions. Males and females differed by the fact that most of the males were characterized by inserted and poorly expressed warts with thorn-like ends, while the biggest number of females had very convex warts with very developed thorn-like ends. These differences were present on the head region and on the back. Both sexes of the southern group had a similar abdominal part with poorly developed (Tables 5 and 6 ).
DISCUSSION
The body size for B. bufo observed in this study is generally within the range recorded so far (Radovanović, 1951; Arnold and Burton, 1978; Đurović et al., 1979) . We found a high degree of female-biased sexual size dimorphism, which is also known for other populations of the common toad (Gittins et al., 1980; Hemelaar, 1988; Cvetković et al., 2005 Cvetković et al., , 2007 . The most used explanation of the sexual dimorphism in the body size is the advantage that bigger females have in producing a greater number of eggs (Gibbons and McCarthy, 1986; Halliday and Verrel, 1986; Cvetković et al., 2007) .
The northern and southern populations differed in numerous size characteristics, e.g. the southern specimens tended to be larger than the northern ones. However, interpopulation variability within each group was also significant, and more expressed between the populations of the southern group. The differences between the two groups were less expressed in qualitative traits. Contrary to earlier studies (Lüscher et al., 2001) , there was no clear separation of previously defined subspecies according to integumentary characteristics both among males and Table 2 . Descriptive statistics of morphometric characters examined for female B. bufo from Northern and Southern population groups. Sample size (N), Mean value (in mm), Standard error (SE), range and statistical significance of differences between the groups tested by Tukey HSD test for unequal sample sizes (*, P < 0.05; **, P < 0.01; ***, P < 0.001; ns -non significant). Abbreviations of characters are given in the "Materials and Methods". females. Therefore, our results do not clearly suggest a primary morphological divergence between populations of the northern (Serbian) and southern (Montenegrin) groups, seemingly opposing the previous predictions related to the taxonomic subdivision of the species.
Differences in morphometric characteristics were related to body size, but not to body shape, which usually follows intraspecific taxonomic differentiation of the population groups. In addition, our results indicate the existence of a relatively wide zone of clinal variation of the analyzed morphometric characteristics in the northern part of Montenegro. The absence of clear differentiation between the northern and southern population groups of common toad were also recorded in Italy (Andreone and Luiselli, 2000) . The common toad shows extensive gene flow between populations (Seppa and Laurila, 1999; Lüscher et al., 2001 ; see Brede and Beebee, 2004 for opposite results). Martínez-Solano and Gonzales (2008) also suggested that populations of this species maintain relatively high levels of gene flow on a wider spatial scale. The dispersal capabilities of juvenile individuals maintain high levels of gene flow and account for small morphological and genetic differences between the populations in this species, in spite of a high site fidelity of adults .
The detected size differences between the northern and southern population groups may be caused by environmental factors and reflect pheno- Table 3 . Components of variance for morphometric characters expressed as a percentage of the total variance (%). Error variation represents variation within populations plus basic error variance. (*, P < 0.05; **, P < 0.01; ***, P < 0.001; ns -non significant). Abbreviations of characters are given in the "Materials and Methods". typic plasticity. Factors such as climatic conditions, trophic resources, predatory effect, intra-and interspecific competition could have complex influence on size variation. Cvetković et al. (2009) found that B. bufo exhibits a converse Bergmann cline along latitudinal gradient, with a body size increase with mean environmental temperature during the activity period, which is in accordance with our results.
In warmer and drier parts of the species range, individuals are bigger compared to those in colder and more humid parts of the range, because larger specimens have greater desiccation tolerance due to the relative decrease in body surface (Duellman and Trueb, 1994) . In addition, in the southern parts of the range toads are active a longer period (the hibernation period is shorter), they have greater food Table 5 . Relative frequencies (in %) of qualitative traits in male Bufo bufo and statistical significance of differences between two population groups (P) (*, P < 0.05; **, P < 0.01; ***, P < 0.001; ns -non-significant). Abbreviations of characters are given in the "Materials and Methods". Garcia-Porta et al. (2012) also suggested that the greater body size and greater level of keratinization of the Mediterranean populations of the common toad are adaptations to dry environments and that both could be related to desiccation tolerance.
Therefore, we can conclude that our study does not clearly support the validity of a B. b. spinosus subspecies in Montenegro. Although significant morphometric differences existed between the Serbian and Montenegrin population groups, they could also be attributed to adaptations to different environmental conditions in these regions. Table 6 . Absolute and relative (in %) frequencies of qualitative traits in female Bufo bufo and statistical significance of differences between two population groups (P) (*, P < 0.05; **, P < 0.01; ***, P < 0.001; ns -non-significant). Abbreviations of characters are given in the "Materials and Methods".
